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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-1600 

EXPERIMENTAL PANEL FLUTTELR RESULTS FOR SOME FLAT AND 

CURVED TITANIUM SKIN PANELS A!T SUPERSONIC SPEEDS 

By John G. Presne l l ,  Jr., and R. L. McKinney 

The r e s u l t s  of t e s t s  at Mach numbers from 1.72 t o  2.62 on panels having a 
thickness from 0.015 t o  0.045 inch, length-width r a t i o  from 0.36 t o  2.76, and 
radius-thickness r a t i o  from 600 t o  i n f i n i t y  a re  presented. These r e s u l t s  ind i -  
ca te  a strong influence of d i f f e r e n t i a l  pressure, which caused buckling, on t h e  
f l u t t e r  mode and on t h e  dynamic pressure at f l u t t e r  f o r  t h e  curved panels.  
Results f o r  both t h e  f l a t  and curved panels f a l l  within an ex t rapola t ion  of an 
ex i s t ing  experimental panel f l u t t e r  boundary. 

INTRODUCTION 

Panel f l u t t e r  has become an increasingly important design consideration f o r  
supersonic vehic les .  
r e l i a b l e  panel f l u t t e r  boundaries, and experimental r e s u l t s  a r e  generally used 
i n  design work. Minimum weight requirements, new materials,  and manufacturing 
processes have contributed t o  t h e  complexity of t h e  sk in  s t ruc tures ,  and addi- 
t i o n a l  experimental inves t iga t ions  are required f o r  many new vehicles.  

Theoretical  methods have not advanced enough t o  determine 

I n  order t o  supplement ava i lab le  experimental r e su l t s ,  an inves t iga t ion  of 
t h e  f l u t t e r  cha rac t e r i s t i c s  of some low-aspect-ratio f l a t  and curved t i tanium 
panels has been conducted i n  t h e  Langley Unitary Plan wind tunnel.  The panels 
were constructed of 0.050-inch-thick shee ts  of t i tanium r ive t ed  t o  e s s e n t i a l l y  
r i g i d  members on t h e  four  edges with t h e  unsupported sec t ion  chemically milled 
i n  s t eps  t o  t h e  des i red  sk in  thickness.  TWO panels having a radius of curvature 
of 48 inches and a radius-thickness r a t i o  of 2,400 and one panel having a radius 
of curvature of 1 2  inches and a radius-thickness r a t i o  of 600 were t e s t e d .  
e f f e c t  of pressure d i f f e r e n t i a l  across t h e  panel w a s  a l so  inves t iga ted .  Tes ts  
were conducted over a Mach number range from 1.72 t o  2.62 at dynamic pressures 
up t o  2,670 lb /sq  f t .  

The 



SYMBOLS 

E Young's modulus of e l a s t i c i t y  

2 unsupported panel length i n  streamwise direct ion,  i n .  

M Mach number 

P 

PC 

s t a t i c  pressure on panel support face, lb / sq  f t  

cavi ty  pressure behind panel, lb / sq  f t  

AP pressure d i f f e r e n t i a l  across  panel, pc - p, lb / sq  f t  

9 dynamic pressure, lb / sq  f t  

t skin thickness,  i n .  

W unsupported panel width, perpendicular t o  airstream, i n .  

APPARATUS 

Wind Tunnel and Panel Support 

Tests were conducted i n  t h e  low Mach number t e s t  sec t ion  of t h e  Langley 
Unitary Plan wind tunnel,  a variable-pressure,  continuous-flow tunnel.  The t e s t  
sec t ion  i s  4 f e e t  square and approximately 7 f e e t  i n  length.  The nozzle leading 
t o  t h e  t e s t  sec t ion  i s  of t h e  asymmetric sl iding-block type, and Mach number may 
be var ied from 1.6 t o  2.9 without tunnel  shutdown. 

The panel support system f o r  f l u t t e r  t e s t s  cons is t s  of a v e r t i c a l  s p l i t t e r  
p l a t e  extending from f l o o r  t o  ce i l i ng  of t h e  t e s t  sect ion.  I n  order t o  avoid the  
e f f e c t s  of t h e  tunnel  w a l l  boundary layer ,  t h e  f l a t  surface o r  t e s t  s ide  of t h e  
s p l i t t e r  p l a t e  i s  located about 15 inches from t h e  tunnel  s ide  w a l l .  
includes photographs of t h e  panel support i n s t a l l e d  i n  t h e  t e s t  sect ion.  
face  of t h e  t e s t - sec t ion  door on which t h e  support i s  mounted i s  dished out, and 
t h i s  i n  combination with a 1' angle of a t tack  of t h e  f l a t  surface of t h e  s p l i t t e r  
p l a t e  compensates f o r  t h e  presence of t h e  s p l i t t e r  p l a t e  i n  t h e  airs t ream and, 
thus,  prevents tunnel  choking. 

Figure 1 
The 

A s ta t ic -pressure  survey over t he  f ace  of t h e  s p l i t t e r  p l a t e  indicated t h a t  
t h e  Mach number w a s  reduced by 0.04 over t h e  panel because of t h e  1' angle of 
a t tack  of t h e  s p l i t t e r  p l a t e .  This reduction w a s  indicated f o r  both t h e  f l a t  
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s p l i t t e r  p l a t e  configuration and t h e  configuration with a curved f a i r i n g  i n  
place, and all Mach numbers quoted herein a r e  so adjusted. The pressure survey 
indicated t h a t  a m a x i m u m  deviation over t h e  t e s t  panel surface of 3 percent of 
t h e  free-stream s t a t i c  pressure occurred at a Mach number of 1.72 and diminished 
t o  a value of about 1 percent of t h e  free-stream s t a t i c  pressure at a Mach num- 
ber  of 2.11. 

(a) Typical f l a t  and curved panels. 

Figure 1.- Model photographs. 

~61-1339 
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(b) Typical curved-panel ins ta l la t ion .  L-60-8612 

Figure 1.- Continued. 

Panels and Instnunentation 

Panel geometric cha rac t e r i s t i c s  are presented i n  t a b l e  I, and p r e t e s t  vibra- 
t i o n  da ta  with sketches of t h e  node l i n e  loca t ions  a re  presented i n  t a b l e  11. 
It should be noted t h a t  t he  node l i n e  loca t ion  and frequencies are i n  some cases 
d i f f e ren t  than a r e  ord inar i ly  expected f o r  a simple panel when only t h e  s t ruc-  
t u r a l  r e s t r a i n t s  a r e  considered. For example, t h e  sequence of panels 1 t o  3 
represents  a progressive decrease i n  panel thickness .  It w a s  expected t h a t  t h e  
frequency f o r  a given mode of v ib ra t ion  would decrease with t h i s  sequence i n  an 
order ly  manner, but t h i s  d id  not happen. 
shape f o r  an individual  panel was a l so  unusual, i n  most cases. The behavior of 
these  na tu ra l  modes-is thought t o  be caused pr imari ly  by cavi ty  e f f e c t s  and 
secondarily by construction inaccuracies.  

The va r i a t ion  of frequency with mode 

Photographs of t he  panels and tunnel  i n s t a l l a t i o n  are presented i n  f igu re  1, 
and sketches of t h e  t e s t  panel construction a re  presented i n  f igu re  2. 
were constructed of 0.050-inch-thick t i tanium sheets  r ive t ed  on t h e  four  edges t o  
s t e e l  angles. The unsupported port ion of t h e  sheets  w a s  chemically milled i n  
two s t eps  t o  l e s s e r  skin thicknesses as indicated i n  t a b l e  I and as shown i n  
f igu re  2. The angles supporting the  skin were bol ted  t o  another s t e e l  angle 
which when mounted i n  the  s p l i t t e r  p l a t e  formed a sealed box about 1.8 inches 
deep with t h e  sk in  surface of t h e  f l a t  panels f lu sh  with t h e  face  of t h e  s p l i t t e r  
p l a t  e .  

The panels 
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( c )  Stiffened-panel installation. ~61-5835.1 

Figure 1.- Concluded. 
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A 

s k i n  

j P a n e l  s u p p o r t  b r a c k e t  
I 

(a )  Flat-panel construction. 

Figure 2.- Test panel de ta i l s .  All 
dimensions i n  inches. 

The curved panels were constructed i n  a 
similar manner and curved wooden f a i r ings  were 
added t o  t h e  face  of t he  s p l i t t e r  p l a t e  as 
shown i n  t h e  photograph i n  f igure  l ( b ) .  The 
projected width of t h e  48-inch-radius curved 
panels w a s  about 22 inches and t h a t  of t h e  
12-inch-radius panel w a s  about 16 inches. 

Each panel w a s  instrumented with three  
s t r a i n  gages and two variable-reluctance 
def lec t ion  pickups. Four of these  f i v e  chan- 
ne ls  of information were selected f o r  each 
run and recorded continuously on a magnetic 
tape recorder. Pressure i n  t h e  sealed com- 
partment behind t h e  panels was remotely con- 
t r o l l e d  by a pressure regulator  and measured 
by means of a d i f f e r e n t i a l  pressure gage which 
measured t h e  difference between t h e  cavi ty  
pressure and t h e  s t a t i c  pressure on t h e  panel 
support face.  Motion p ic tures  were taken 
during f l u t t e r  at 1,000 frames per  second t o  
study t h e  f l u t t e r  modes and t o  insure t h a t  
t h e  s igna ls  recorded or iginated i n  t h e  panels 
and not from f a u l t y  instrumentation. 

TEST PROCEDURE 

I n  general, t e s t s  were conducted by 
using t h e  following procedures: Supersonic 
flow w a s  es tabl ished at a low dynamic pres- 
sure, and t h e  sl iding-block nozzle was moved 
from t h e  optimum s t a r t i n g  Mach number posi-  
t i o n  t o  t h e  desired t e s t  Mach number posi t ion.  

Dynamic pressure w a s  then increased i n  s teps  or, i n  some instances,  at a slow 
ra t e .  A t  each l e v e l  of dynamic pressure o r  simultaneously with t h e  slow r a t e  of 
dynamic-pressure increase,  t h e  pressure behind t h e  panel w a s  cycled producing 
pressure differences across t h e  panel within t h e  range of about 5 0 0  lb/sq f t .  
When f l u t t e r  occurred, tunnel  dynamic pressure and t h e  pressure behind t h e  panel 
were recorded manually. For t h e  f l a t  panels t he re  w a s  a d e f i n i t e  pressure dif-  
f e r e n t i a l ,  usual ly  near zero, f o r  which t h e  panel f l u t t e r e d  at t h e  lowest dynamic 
pressure.  After an approximate f l u t t e r  l e v e l  had been i n i t i a l l y  es tabl ished and 
i n  order t o  insure t h a t  t h i s  minimum value of dynamic pressure w a s  obtained, t h e  
dynamic pressure w a s  increased i n t o  t h e  f l u t t e r  region severa l  times with t h e  
pressure d i f f e r e n t i a l  s e t  at  severa l  pos i t ive  and negative values.  
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(b) Curved-panel construction de ta i l s .  

Figure 2.- Continued. 

DISCUSSION OF RESULTS 

The t e s t  r e s u l t s  a re  presented i n  t a b l e  111. The t a b l e  includes Mach num- 
ber, dynamic pressure, pressure d i f f e r e n t i a l ,  a panel f l u t t e r  parameter 

(Fr’3L, and t h e  f l u t t e r  frequency. The data presented represent points  at 

which f l u t t e r  s t a r t e d  during va r i a t ion  of e i t h e r  dynamic pressure o r  pressure 
d i f f e r e n t i a l ,  and t h e  arrows appearing beside these  quant i t ies  ind ica te  t h e  
d i r ec t ion  i n  which t h e  quantity w a s  being var ied at f l u t t e r  inception. 
pointing up ind ica te  an increasing value; quan t i t i e s  having no arrows were held 
constant. 
which did not f l u t t e r  are a l so  presented. 

2 

Arrows 

Points representing m a x i m u m  avai lable  dynamic pressure f o r  panels 

7 



I I  
I I  
I I  I I  

I t  

/' ' - T  .500° h o l e  

.500 
A - A  

*m .500 .E75 

B - B  

18 

B 
1 

( c )  Stiffened-panel de ta i l s  ( t e s t  panels 10 and 11). 

Figure 2.- Concluded. 
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F l a t  Panels 

The r e s u l t s  of t h e  f l u t t e r  tests of 
panels 1, 2, 3, and 11 are presented i n  
f igu re  3 i n  terms of t h e  minimum dynamic 
pressure at f l u t t e r ,  o r  t h e  m a x i m u m  
dynamic pressure i n  cases f o r  which no 
f l u t t e r  w a s  obtained, as a funct ion of 
Mach number. The da ta  do not have a 
uniform va r i a t ion  with Mach number, but 
do exh ib i t  t h e  expected t r end  of 
increasing dynamic pressure at f l u t t e r  
with increasing panel thickness .  The 
exception t o  t h i s  increase w a s  panel 11 
which w a s  v i s i b l y  buckled when i n s t a l l e d  
i n  t h e  s p l i t t e r  p l a t e .  Evidently, t h e  
panel w a s  not severely buckled, s ince  it 
f l u t t e r e d  at a low dynamic pressure.  As 
described i n  reference 1, t h e  dynamic 
pressure  at f l u t t e r  decreases with 
increasing compressive stress t o  a min- 
imum;  t he rea f t e r ,  an increase i n  stress 
increases  t h e  f l u t t e r  dynamic pressure.  
I n  reference 1 t h e  minimum dynamic pres- 
sure  w a s  obtained when t h e  panel  w a s  
near  t h e  c r i t i c a l  buckling s t r e s s .  

Curved Panels 

Only one of t h e  curved panels t e s t e d  
(pane l  4) f l u t t e r e d ,  and t h e  r e s u l t s  
t he re fo re  appear somewhat incons is ten t  s ince  

l b /  

0 J 015 

kened symbols indicat 

l . 6  1.8 2.0 2.2 2.4 2.6 
M 

Figure 3.- Effects of  skin thickness and 
buckle condition on m i n i m  flutter 
dynamic pressure f o r  several flat 
panels. 

p a n e l s  4 and 5 had t h e  same radius  - -  - 
and thickness  and differed only by a 1/2-inch-wide, 0.015-inch-thick s t e p  increase 
i n  thickness  along each edge of panel  5 .  Panel 5 w a s  t e s t e d  t o  t h e  tunnel  dynamic 
pressure l i m i t  of 2,625 lb/sq f t  and d id  not f l u t t e r .  The r e su l t s  f o r  panel 4 
a t  a Mach number of 1.72 a re  p lo t t ed  i n  f i g u r e  4 f o r  g as a funct ion of pres- 
sure  d i f f e r e n t i a l .  The d a t a  are f o r  runs 8 and 1 2  which were two separate  tun- 
n e l  i n s t a l l a t i o n s .  Only one f l u t t e r  point  w a s  obtained on t h i s  panel i n  t h e  
unbuckled condition. This po in t  w a s  at a pos i t i ve  pressure d i f f e r e n t i a l  of 
66 lb/sq ft  and a dynamic pressure of 1,599 lb / sq  f t .  This f l u t t e r  had a very low 
amplitude and w a s  not v i s i b l e  t o  t h e  naked eye and w a s  barely v i s i b l e  i n  t h e  high- 
speed motion p i c tu re .  
which had amplitudes of about 1/4 inch and w a s  e a s i l y  v i s i b l e .  
frequencies evident i n  f igu re  4 were caused by t h e  d i f f e r e n t  buckle pa t t e rns  which 
i n i t i a l l y  occurred. 
amplitudes than t h e  buckles having a small area. I n  some cases, t h e  f irst  buckles 
which occurred were of s m a l l  area, and t h e  associated f l u t t e r  (which began imme- 
d i a t e l y  a f t e r  t h e  buckle formed) w a s  of a higher  frequency than t h e  f l u t t e r  which 
occurred as t h e  pressure d i f f e r e n t i a l  decreased and caused t h e  s m a l l  buckles t o  
merge i n t o  l a r g e r  buckles. 

This behavior i s  i n  sharp cont ras t  t o  t h e  buckled f l u t t e r  
The va r i a t ions  i n  

Buckles having a l a r g e  area had lower frequencies and higher  

For example, t h e  two poin ts  i n  f i g u r e  4 at a dynamic 
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A p ,  lb/sq f t  

Figure 4.- F l u t t e r  boundaries f o r  t w o  tunnel  i n s t a l l a t i o n s  of panel 4 at M = 1.72. 

10 



pressure of 1,222 lb / sy  f t  were obtained by holding a constant dynamic pressure 
and decreasing pressure d i f f e r e n t i a l .  The panel i n i t i a l l y  buckled at zero pres- 
sure  d i f f e ren t i a l .  and began f l u t t e r  at  a frequency of 165 cps. 
continued u n t i l  t h e  pressure d i f f e r e n t i a l  reached -31 lb /sq  f t ;  then, t h e  buckle 
p a t t e r n  changed and t h e  f l u t t e r  frequency decreased t o  lo5 cps. 

This f l u t t e r  

No panels were destroyed during t h e  t e s t s ,  and an ind ica t ion  of t h e  f a t igue  
l i f e  i s  given by t h e  0.015-inch-thick panel 3, which f l u t t e r e d  an estimated 
2.5 hours with only a s l i g h t  s t r e t ch ing  of t h e  skin.  

Comparison of Test  Results With Previous Results 

Many of t h e  t e s t  po in ts  obtained were above t h e  minimum f l u t t e r  dynamic 
pressure f o r  a p a r t i c u l a r  configuration and a re  therefore  not compared with pre- 
viously published data .  The minimum f l u t t e r  dynamic pressures  f o r  these  tes ts  

are presented i n  f igu re  5 i n  terms of a panel f l u t t e r  parameter (Fr’3; and 

compared with t h e  empirical  envelope of reference 2. 
parameter f o r  each panel, which w a s  encountered during t h e  t e s t s ,  i s  presented 
f o r  a l l  f l a t  panels and f o r  a buckled and unbuckled condition of a curved panel.  
Most of t h e  da t a  f a l l  wel l  wi th in  t h e  envelope. 

The maximum value of t h i s  

1/ 

l / w  

Figure 5.- Comparison of t e s t  results with experimental envelope of reference 2. 
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CONCLUDING REMARKS 

The t e s t  r e s u l t s  show t h a t  panel buckling g r e a t l y  a f f e c t s  t h e  dynamic pres- 
sure required f o r  f l u t t e r  although no degree of buckling w a s  invest igated.  
Results f o r  all f l a t  panels and a curved panel  buckled by pressure d i f f e r e n t i a l  
a r e  shown t o  agree with previous r e s u l t s  for f l a t  panels.  The f l u t t e r  character-  
i s t i c s  of a curved panel a re  shown t o  be highly dependent on t h e  shape t h e  panel 
assumes when buckled by normal pressure load. 

A need f o r  research on t h e  e f f e c t  of t h e  cavi ty  behind t h e  panel on panel 
f l u t t e r  cha rac t e r i s t i c s  i s  indicated by t h e  p r e t e s t  v ibra t ion  r e s u l t s .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va.,  October 22, 1962. 
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TABLE I.- P 

Panel 

1 
2 
3 
4 
5 
6 
7 
8 

10 
9 

11 

NEL G E O W R ?  

Radius, 5’ t27 t , 
i n .  i n .  i n .  i n .  

2,  w, 2/w 
i n .  i n .  

8.25 22.25 0.37 0.045 0.045 0.045 
8.25 22.25 37 .050 035 .025 
8.25 22.25 37 .050 * 035 .015 
7.875 22.125 .36 48 .050 .020 .020 
7.875 22.125 .36 48 .050 035 .020 
7.875 16.125 - 49 1 2  .050 035 .020 
8.25 3-25 2.54 ,050 035 .025 
3-25  8.25 -39 .050 035 .025 
8.25 8.25 1-00 .050 * 035 .025 

23 - 25 8 .41  2.76 .050 035 .022 
a8. 41 23 25 -36 .050 035 .022 

a 

I 1  

t 

t 2  

t 1 

d/@ Edge de ta i l  

%amel includes two bays of t h i s  dimension separated by s t i f f e n e r .  (See 
sketch i n  fig. 2 ( c ) . )  



TABLE 11.- PRETEST VIBRATION DPLTA 

Panel App-ox. l o c a t i o  
o f  node l i n e s  Panel AP, 

q s q  f t  

Na tu ra l  
f requency,  

CPS 

Approx. l o c a t i o n  
of node l i n e s  

Na tu ra l  
frequency, 

cps 

230 

245 

305 

AP, 
lb/sq f t  

0 

n 
0 
0 

175 

200 

260 

407 
600 

14 6 

161 

178 

191 

213 

- 

6 

0 

1 

475 

500 

550 

Not determined 
Not determined 

Not determined 

7; 8 
460 
650 
090 

Not determined 
Not determined 
Not determined 

Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
Xot determined 

.. --- El 
m 

e _ _ *  

.-- - -  

... _ _  

__. -- 

Not determined 

2 0 

9 0 

3 0 

10 Not determined 
Not determined 0 

-40 

0 

30 

Not determined 
Not determined 
Not determined 

76 
82 

140 

202 

230 

240 

295 
325 
400 

217 

363 

a5 

. 474 

11 0 

Not determined 
Not determined 
Not determined 

n 
4 

- 

L ,  e ._- 

Not determined 
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TABU 111.- TEST RESULTS 

- 

'anel 

- 

hm 

- 
1 
2 

3 
3 
3 
3 
4 
4 
5 
5 

6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 
8 
9 
9 

LO 
LO 
L 1  
L 1  
L 1  
L2 
L2 
L2 
L2 
L2 
L2 
L2 
L2 
L2 

- 

- 

- 

- 

- 

'oint 

- 
1 
2 

F l u t t e r  
'requency, 

CPS 

AP, 

(a)  

rary +lo0 
'ary flOO 

?' 42 
T 16 
7 2 8  

24 
t 22 

22 
4-30 
- 30 

.b/sq f t  Mach 
lumber 

Comments 

1 2,114 
2,670 

lo f l u t t e r  
lo f l u t t e r  

Max. q 
Max. 9 

0.5564 
-5467 

1.72 
1.96 

1.72 
1.72 
1.72 
1.72 
1.96 
1.96 
2.11 
2.11 

1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2 . l l  
2.11 

.4122 
* 3297 
.3248 
* 3297 
* 3515 
.3600 
-3539 
.3539 

Jo f l u t t e r  
lo f l u t t e r  

185 
185 
156 

155 

2 

- 
3 

3 
4 
5 
6 
8 
9 
10 
11 

f 888 
71,727 
Ti, 816 

1,733 
f'l, 724 
.11,700 
ti, 882 
511,857 

Min. f l u t t e r  q 

F l u t t e r  stopped 

F l u t t e r  stopped 

1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

f 806 
814 

1,017 
1,222 
1,657 
1,686 

t 670 
T l ,  175 
si, 007 

838 
670 
8% 

1,007 
1,175 
1,343 
1,016 

-11 
r 37 
T 13 
'T -6 
T-19 
t -2 
-18 

7-12 
T 12 
h o o  
-17 

7 . 2  
1 ' 1  
f 10 
T-31 
T-25 

* 2545 - 2533 
* 2303 
.e230 
.2012 
.2000 - 2976 - 2473 
.2606 - 2776 - 2970 
* 2.776 
* 2727 
* 2473 - 2315 
.7606 

60,390 
60,400 
60,320 

60 
60 
60 

Jo f l u t t e r  
F l u t t e r  
F l u t t e r  

60 and 76( 
60 and 15: 
F l u t t e r  

60 and 75( 
F l u t t e r  
F l u t t e r  

60 and 17: 

Min. f l u t t e r  q 

Frequency not determined 
Frequency not determined 

Min. f l u t t e r  q 
Frequency not determined 

Frequency not determined 
Frequency not determined 

4 

- 

28 
29 
30 
31 
32 
33 
3c 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 

--- 

- 

f 677 
a 3  
685 

710 T 813 
5. 589 
t 577 

581 
312 

t 408 
408 
814 

1,017 
1,193 
1,222 
1,222 
1,428 
1,428 

7 % 

-- 

4-52 
4-20 
4-29 
4-26 
.1-21 
1-16 
4- 19 
-19 

4-45 
4+11 
J.-26 

t 2 
d o  
J-42 
.L-39 
. L o  
J-31 
J . 4  
4-28 

F l u t t e r  

110 
117 
120 
120 
115 

120 
L 2 0  and 24: 

45 
Yo f l u t t e r  
45 and 78 

103 
97 
165 
105 
175 
115 

Frequency not determined 
F l u t t e r  stopped 

.3784 
* 3771 
.3759 . p10 
3975 

.3962 

.3924 
-4356 

.4787 
* 5892 
.4483 
.4483 
* 3276 
.3302 - 3137 
.3u1 
.3111 . -46 
. a 4 6  

.4800 

1.72 
1.72 
1.72 
1.72 
1.96 
1.96 
2.11 
2.11 
2.62 
2.62 
2.62 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 

F l u t t e r  stopped 

F l u t t e r  stopped 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 
Buckled condi t ion 

a Arrows poin t ing  up ind ica t e  an increas ing  value; arrows poin t ing  down ind ica t e  a 
decreasing value. 
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TABLE 111.- TEST RESULTS - Concluded 

- 
Run 

12 
13 
13 
13 
13 
13 
13 
13 
13 

14 

15 
16 

17 l a  

19 

20 
20 
21 

21 
21 
21 
21 
21 

22 
22 
22 
22 
22 

- 

- 

- 

- 

~ 

- 

- 

23 
23 
23 
23 

24 

24 
25 
25 

- 

- 

AP? 

(a) 
lb/sq f t  

66 
J-30 
J-23 
.L-34 
4-21 
&-22 
L 2 5  
&-23 
L-24 

Vary flOO 

q, 
lb/sq f t  
(a) 
TI? 599 
7' 838 

1,007 
1,175 
1,343 
1,508 
1,508 
1,677 
1,845 

F l u t t e r  
Irequency, 

CPS 
760 

62 
72 
78 aa 
89 
83 
100 
91 

lo f l u t t e r  

Comments 
Mach 

number 

1.72 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 
2.11 

1.96 

Pane: Point 

47 
48 
49 
50 
51 
52 
53 
54 
55 

56 

4 0.2844 - 3873 
.3644 - 3467 
* 3314 
-3187 
-3187 
* 3073 
* 2971 

- 2565 

Unbuckled 
Buckled condition 
Buckled condition 
Buckled condition 
Buckled condition 
Buckled condition 
Buckled condition 
Buckled condition 
Buckled condition 

Max. 9 

Max. 9 
M a x .  9 

5 2,625 

6 

- 
7 

57 
58 

1.72 
1.96 

2, 100 
2,625 

Vary +lo0 
Vary ~ 0 0  

lo f l u t t e r  
lo f l u t t e r  

- 2590 
-2552 

.3635 
-3505 

59 
60 

1.72 
1.96 

1,295 
1,745 

1,740 
-- 

Vary flOO 
Vary flOO 

To flutter 
lo f l u t t e r  

Max- 9 
M a x .  q 

8 

9 
- 61 1.96 Vary 9 0 0  lo f l u t t e r  Max. q .8876 

.4086 

.4086 

.4103 

-3947 
* 9 9 8  - 9 2 7  
* 3727 
3504 

.1322 

.1278 

.1252 

.1252 

.1252 
* 1275 
.1265 
.1265 
.1265 

62 
63 
64 

65 
66 
67 
68 
69 

'T 1,098 
1,093 

900 

1,010 
1,050 
1,110 
1,180 
1,445 

.L -60 
t o  

-50 

-50 
.L -50 
J. -50 
& -50 
J. -50 

230 
lo f l u t t e r  

240 

240 
240 
240 
240 
240 

1.96 
1.96 
1.72 

1.72 
1.72 
1.72 
1.72 
1.72 

1.96 
1.96 
1.96 
1.96 
1.96 
1.72 
1.72 
1.72 
1.72 

Min. f l u t t e r  q; 
i n t  emitt ent f l u t t e r  

10 

- 
11 

- 

70 
71 
72 
73 
74 
75 
76 
77 
78 

0 
1 -6 
t -4 
t -2 
t - l o  

0 
t -5 
t -5 
t -15 

104 
112 

.12 and 22( 
280 
105 
280 
280 
125 
150 

f i n .  f l u t t e r  q 

Mn. f l u t t e r  q 

t 915 
1,025 
1,097 
1,097 
1,098 

T 857 
877 
877 
877 

T 297 

t 270 

t 296 
T 292 

Panel i n i t i a l l y  

Min. f l u t t e r  q 
Min. f l u t t e r  q 

buckled 
79 

80 
8 1  
82 

1.72 

1.72 
1.96 
1.96 

159 

159 
145 
140 

a Arrows pointing up indicate  an increasing value; arrows pointing down indicate  a 
decreasing value. 
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